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COVER 
Is the enigmatic image on the 

front cover that of some tree, not 
of this world, but as might be seen 
in some troubled dream? Is it of a 
nuclear explosion as recorded on 
some special film? Is it of some new- 
ly discovered microscopic fungus? 

The  photo, taken by Henry 
Ortega, ISD-7, is of none of these. 
Instead, the photo- is an enlarge- 
ment of the fracturing that occurs 
within small lucite pucks when 
exposed to an intense electron 
beam. The electron beam, in this 
case, is one generated by a new 
linear accelerator now in use in 
the Physics Building as part of a 
new system for generating soft x 
rays by colliding electron and 
photon beams. 

The extent to which the particles 
penetrate the puck is shown by the 
fracture pattern, providing a crude 
but useful measurement of the 
beam's energy. T h e  characteristics 
of the spot where the beam entered 
the puck serves as a guide to focus- 
ing adjustments. For more on this 
new system, see the story beginning 
on page 11. 

Since the image within the puck 
was created by particles, it seemed 
an appropriate one for the front 
cover. Aside from its pictorial ap- 
peal, it calls attention to the special 
section on particles beginning on 
the opposite page. 
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Flying into k J S  Alorric,s on Muy 2'7, vrab 
U.5, Sewatcil- Pefc W. Drirnenici O F  
New Mexiw, here Lrcirig v/clcornwl by 
bunt t i t i  h\cic~ougcill, cir.socii~te dftt'ctor 
for wc?apons. Senr-ric~r I3,omr?nisi !,poke 
ut ci cdloquium 011 "fhe lmporttrnci: 
O F  CI f h l a n c e t l  Eiicrg y Development 
Progralll. " 

Qti July '24, Robert Seamans, Adminis- 
trator of the U.S, Erit-rgy Rt:!scurch and 
Developrnorr~ Adniinistrrrtiori, right, vis- 
ited I.ASL for the First tinit: fcir Ixiet- 
i n g s  in tlie Grceii Ftoom on laboratory 
operatiom i n  yeneiix:il (2nd energy pro- 
g r a m  in pc:irticulai~. tlc! ir. shown with 
Chmctrii McrcDougcilI, ussociate clirec- 
tor .lc:rr weapon:;, left, vlnd tltrrold 
Agnew, Director, cc!r,ter. 

U.S. Treusurer Friirrcine Neff visited 
LASL on June 9 f o r  hricfiiigs and tours 
of krborcjtc:iry sitos. H e r e  she! t a l k s  
v i  t h Cl icr r le li Brow ti ti!, cissista n t  cI ir ec to r 
for ad ttiinisiratio n I 

From itie Atomic, Weapons Rescarch 
Estrr bl is t I merit ui En g - 
lund, uii lune I8-X) wme, left to 
riglti, John Hallcirii, Kenneth :;!e wart, 
and lo l in  Mcitriqp: tu discuss effei-ts 
6f I I  UE 1r:ci r - wea po t i  de to t iri tion so  Here 
they mwt with George Besi, sf:cond 
From right, uric"/ I hoiiitx D o w l ~ ,  
tight, hoth ADWP-2. 

Alcler n IU s to n, 

f 
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T h e  back cover of The Atom becomes a sports 
page for this issue in recognition of 2 recent 
athletic achievements by LASL families. 

Lynn Bjorklund, 18, won the women’s 3000-meter 
event at the AAU Nationals in White Plains, 
N.Y., in June ,  went on to place third in the same 
event a t  the U.S.-U.S.S.R.-Bulgaria international 
meet held in Kiev, Russia, early in July. Here she 
chats with her father, Carl Bjorklund, CMB-I 1, at 
the family’s home in Los Alamos. Her T-shirt is 
a souvenir of her Russian visit. Lynn, who began 
competing in track in 1970, runs 10 to 15 miles a 
day, often accompanied by her brother, Mark, 
who serves as her trainer. She’ll continue her track 
activities at the University of New Mexico this 
fall. 

Below, Anne Phillips, J-16, holds a trophy of 
native monkeypod wood given to her by the 
Princeville at Hanalei Golf Club, Kauai 
Hawaii, for making a hole-in-one there on May 4. 
Phillips was a member of the team conducting the 
Waso experiment on Kauai (see page 17 of this 
issue) and used her time off to test the local links. 
Her hole-in-one was made on a par-3 hole by the 
ocean. “You had to shoot across water. T h e  tee 
was 60 feet higher than the green, so I could 
see the ball land and go into the hole. I t  was 
quite a thrill,” Phillips says. 

Phillips’ prowess will come as no surprise to those 
who will recall that she was Women’s City Cham- 
pion for 7 years in Los Alamos during her years 
as a tournament player. 



tlic 11 Itirn,iic nature oi iiiatter m c 1  cncrgy and 
thc h ~ v s  by wliicli i1ic.y arc$ governed. Four yecent 

11 l ,ASl , -  ;I nirtjor iritcrnational conlcrcncc, 
I lie ( Ii;imp;tgiic-to~isletl clcvclopmcni of 1 lie world’s 
h 4 t  1)ol;tri/cd triton bcani, (lie discovery ol Ecr- 
rriitirir ?W, atid nn iinusiiril 1 A S l  ,-tksigiied cmllid- 

ti-on-photon beam devicc -Icd to this spc- 

While it x v o u l d  taltc several compleic issucs 
ol The Atom I O  cvcn begin tlcscri1)ing all 01 
I ,  i\Sl,’s rcscardi p~ograins involving particlcs, 
r~cvcrt helcss, tlic artic Ics presciiicd here providc 
;in ovcr view ol iiuclcar research in gcncral and 
a I cw iiiiicly and dmuiat ic dcvclopiicnts that have 
Lalteri plw c ‘it LASI ,. 
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A T CONFERENCE 
T h e  field o/ high  energy physics 

and nuclear Jtructure is very rich 
in practical applications. B u t  you  
will notice that  these have been 
omitted from our  program. W e  will 
deuote all of every session t o  ex- 
plorations i n  fundamenta l  research. 
T h i s  rcnflects t he  opin ion ,  held by 
many ,  khat at this junc ture  i n  t h e  
evolution of our  civilization, basic 
science is of vital importance,  if 
no t  for us, t h e n  certainly for our 
children and grandchildren. This 
conference, therefore, manifests our  
concern for  the  immedia te  and clis- 
tan t f ul u re. 

Witlaout hasic science, there 
would be no practical applications. 
T h e r e  would  be no pions for md io -  
therapy, no radionuclides fo r  medi -  
cine and agriculture and industry,  
no energy options aside f rom the 
fast-di.rappearing fossil fuels; in fact, 
there would be no hope  fo r  achiev- 
in6 a -1Jiabk balance between the 
needs and desires of humani t y  and 
the r twurces  and l imitations of 
our planet.  S o  it is w i thou t  apology 
that w e  dedicate the n e x t  week t o  
pursuit  of knowledge and under-  
standing. . . . 

So spoke Louis Roscn, MP-Divi- 

sion leader and conference chair- 
man as he opened the Sixth l’nter- 
national Conference on High 
Energy Physics and Nuclear Struc- 
ture held June 8-14 at  the Los 
Alamos Scientific Laboratory and 
at St. John’s Collegc in Santa Fe. 

If, as Rosen said, the conference 
hcltl implications for the future, it 
also deserved recognition in the 
prcscnt for some of its unusual 
aspt’cts : 

-The confercnce attracted over 
500 participants, believed to be a 
record for international scientific 
meetings of this type, 
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-l<epreserited were 23 countries, 
includirig thc U.S.S.R. wlio!,e 21- 
person drlcgat ion was believed to 
lie the largest yc.1 sent rrom that 
coun~ry to an  intcrriational phyt;ics 
asseiiil)lage. 

--liecause the nutlirncc was Xargcr 
than the auditorium could hold, a 
closed-circuir ‘I’V system was set L I ~  
for viewing in it room adiacrnt to 
the auditoriurn a t  St. John’s C:r,llt.ge, 
and proceedings wet e microwaved 
for viewing iii the auditorium at 
LAMPF. This is bclievcd LO bt: 
another “first .” I<csponsiblr Tor 
srttiiig up ant1 operating the t,ysterrr 
wcrc &Division, MP-Divisioit, arid 
Groups 1 S I M  a r t d  ED-7. 

- ‘L  hc tonlerente represented ilr1 

aggrcgatc international investment 
of aii cstimittctl ciudrtcr o f  a million 
dollars :tnd 10 niaii-years o f  wrirlc. 
11 was suppoitctl by the lritcrna- 
tiori;tl Union of hire and Applied 
l’liysics, thc V I S .  National Science 
Fouridation, and the U.S. llncrgy 
Kcwar LII and  L)evelo]>mcnt Adrnin- 
istratiori. 

-1701 the first riinc a progiam to 
cncouragc atrcndanc-c by young 

scientists, with lmtial  financial as- 
sistance prcntlrretl, was implc- 
rnentcd, rcsultiiig in thc at tentlance 
01 soinc 30 yoiinger v5cntists. The 
avcragc agc ol  rhc dc3lcgates was tlic 
I o w t ~  yet. ‘Hie par ticiparits com- 
l)risctl a ycaisiy mix ol: thc en- 
thusiasm ol yori~li and the insights 
of ririiiient scientists, such as  C .  S .  
Wu, prcsidcnt of the American 
Physical So( iery, Val ‘I’ekgdi and 
1 krliert Andel son of t he U nivcrsi ty 
of Chicago, :Sir lknys Willtinson, 
Oxlorcl Univcrsity, and Veriedict 
I)/hclepov, Itcad 01 thc U.S.S.R. 
(1 121 cga 1 ion. 

-Coke  1)ic;iks only slightly rc- 
lirvcd thc dciriandirig schetlule dur- 
ing which 43 invited pipe15 wcre 
ptcscnted, with 100 more presented 
i r i  parallel wssioric arid 40 displayed 
by i he  “postrr” technique (posted 
011 boitrds or di5tributed :is litera- 
tu1  e, but not lormally prcserilcd). 
Over 500 papers wcre su1,mitied. 

Invariably, wssions during the 5 
iy5 extrndcil bryoiicl the nominal 

~ : 3 0  p.m. closings, yet ilic last ses- 
sions weic a, heavily attended as 
the. h s i .  Wlicri Wu p r o p o d  an 

On the opposite page, Hans Bethe, 
Cornel1 University, left, presides over a 
session at St. John’s College during 
which 1. 1. Pnnomarev of the U.S.S.R. 
delegation responds to some searching 
questions. Bethe earlier had reported a 
startling hypothesis on solar neutrinos. 
At left, Louis Rosen, MP-Division leader 
and chairman of the conference, 1. 1. 
Lapidus and Venedict Dzhelepov, both 
of the U.S.S.R. delegation, chat during 
a between-sessions stroll. 

irnproinptu Thursday evening ses- 
4on on second-clas3 currents (a nu- 
c h r  binding iorce), it was attended 
by 50 clelcgates. 

Among the highlights of the ses- 
sion was Hans Betlie (no strangcr 
t o  LRSI,) arriving late, but report- 
ing a startling hypothesis which 
may prolounclly altcr our concept 
or the sun’s eneigy-generating niech- 
anism. If so, this could havc major 
implications in astronomy and in  
coiit 1 ollccl thermonuclear rescarrh, 
for an untIcrstanding of how the 
w n  sustains thermonuclear reac- 
tions lids been essential to man’s 
niorc or less duplicating the pro- 
cess on rnrih. 

For scvcml years, investigators 
have hrcn baffled by the paucity 
of neutrinos cmanating from the 
5 u n .  Experiments capable of detect- 
ing only 1/10 or the neutrinos 
ivhich “dmdd be” emitted by the 
sun havc produced null results. 
Bethe, who was awarded a Nobel 
prire for his description of solar 
thermonuclear cycles, ieported that 
some astrophysicists are suggesting 
that the center of thc sun may be 
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less hot than presently postulated, 
resulting in a substantially lower 
rate or neutrino production. Instead 
of energy bcing transmitted to the 
sun’s surlace and beyond by neu- 
trinos, a novcl mechanism is sug- 
gested: acoustic (or shock) waves. 

’I’his hypothesis created a wave of 
excitcmcnt among the delegates. I t  
may also enhance the importance 
ol neutrino-mcasurement cxperi- 
mcnts now bcing conducted at 
LAMPF. 

Jcremy BcrnsLcin, formcrly of 
LASL and now of the Stevens In- 
stitute 01 Technology, writes, “Since 
its prcdiction by Pauli, the neutrino 
has hcen an endless source of sur- 
prise and delight to scientists. . . 
an extraordinary particle. . .” And 
indeed it is. More like a glob of 
pure cnergy than a particle, the 
neutrino has no charge, no mass at 

Prtoceedings at St. John’s College wcre televised (above) under the 
direction of Rob Cordon, ISD.7, tmd Ralph Cruq ISD-5, (below) 
for- large-scrcen projection i n  the auditorium ut L M P F  (bottom). 

all, and rcacts so weakly and infre- 
quently with matter that a neu- 
trino, gcnerated in thc center of the 
sun, could pass through a substan- 
tial amount oi matter within the 
sun, lravel at the speed of light to 
and through the earth, and, if it 
were therc, could continue tra- 
velling lor marly thousands of years 
through millions upon millions of 
miles of solid lead beforc it might 
react with some atomic nucleus. 

With its nearly total immunity 
to rcacting with matter, it is small 
wontlcr that the neutrino is so 
dificiilt to detect (it was not idcnti- 
fied until 1956, some 25 years fol- 
lowing Pauli’s convincing predic- 
tion). Yet, although rarc, ncutrino 
reactions do occur. One such reac- 
tion rrsults in an atom oC chlorine- 
37 bring translormcd into an atom 
of argon-37. 

Installing a large tank of a liquid 
chlorinc conipound decp under- 
ground (to shield it lrom cosmic 
rays and extraneous background 
radiation as much as possible) and, 
alter inany wecks of exposure, 
analy7ing its contents for h i n t  
traccii of argon-37 provides a mea- 
suremcnt of ncutrino events, and 
hcncc of ncutrino flux. 

And it  is a tank such a s  this that 
has produced virtually no sign of 





A pleased Bob Hardekopf (second from left) receives a congratulatory toast from Jules Sunier 
(far left), Delmar Bergen, ADW-PM (behind Hardkopf), Joseph McKibben (second from right), 
and Bob Emigh, P-14 (far right), at a party celebrating LASL's development of the world's first 
source of polarized tritons. 

CIMaking a 
At the end of the working day 

on Monday, June 2, a visitor to the 
Tandem Van de Graaff accelerator 
on' Pajarito Road would have been 
surprised to hear the subdued 
roar of talk and laughter emanating 
from the normally quiet technical 
library. From time to time, the 
visitor might have heard the un- 
mistakable pop of champagne being 
uncorked, and if he were to have 
peeked through the door at the 
right time, he would have seen 
guests such as Henry Motz, P-Divi- 
sion leader, Roger Perkins, P-Divi- 
sion alternate leader, and Dick 
Taschek, associate director for re- 
search, raising their glasses in a 
congratulatory toast to various 
members of Group P-9 (Tandem 
Van de Graaff Experiments). 

Obviously, and despite the fact 
that the volume of champagne prof- 

Tritons Spin Together 
fered provided but a ceremonial 
sip for each guest, a party was in 
progress to celebrate some unusual 
and important event. 

And that was exactly what was 
happening. Bob Hardekopf and 
Lou Morrison, both P-9, with vital 
advice and support from individ- 
uals such as Joseph McKibben and 
Jerry Ohlsen, both P-9, and P. W. 
Keaton, E-Division leader, and 
from a number of groups and the 
Shop Department, had devised the 
world's first source of polarized 
tritons. 

What's more, the ingenious equip- 
ment they devised had performed 
nearly flawlessly from the begin- 
ning in an intensive series of early 
experiments conducted by Harde- 
kopf, Ohlsen, Keaton, Nelson 
.Jarmie, Ray Poore, Ed Flynn, and 
Jules Sunier, all P-9, Lynn Veeser, 

P-3, and visiting staff members 
Richard Walter, Paul Lisowski, 
Jean-Pierre Coffin, and Joe Sher- 
man. 

T o  nuclear scientists, the party 
celebrated the solution of a long- 
standing and extremely tricky 
technical problem, which resulted 
in the addition of a valuable new 
technique to their investigative 
repertoire. To laymen, the celebra- 
tion was something of a bewilder- 
ment. Why all the elation over 
polarized tritons-and what are 
they, anyhow? 

In  the increasingly sophisticated 
world of nuclear research, for some 
measurements it is no longer suf- 
ficient to shoot a beam of particles 
at a target and record the reactions. 
For some experiments, that's like 
performing surgery with a meat 
cleaver when what investigators 
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Abrwe, Hardeltopf checks the elcctrostutic mirror 
which is essential to the system. It deflects polarized 
britons a t  righi angles into the accelerator without 
ehaiqing tho direction in which their poles point. 
iilolrrw, Lou Morrison watches as Hardekopf tnanipul- 
iates controls of the polarized triton source. The 
acrylic shield and control extensions are safety mea- 
w e s  to prevent contact with the device, which 
geiierates high voltages. 
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Until now, residual tritium gas 
from ion-source operations at 
LASL has been caught in a trap of 
charcoal and liquid nitrogen. These 
materials were then handled and 
disposed of with procedures norm- 
ally employed for radioactive waste. 

But Hardekopf and his colleagues 
believed that a system could be de- 
veloped to recirculate the tritium, 
thus minimizing the waste disposal 
problem while making a greater 
volume of tritium available through 
recycling. 

Consequently, they designed and 
constructed a recirculation loop 
which recovered residual gas from 
the ion source and directed it  back 
to the source to be reused. It was 
a technological accomplishment 
that has paid off in a tritium flow 
rate 3 to 10 times greater than prac- 
tical with the previous method. 

In developing and using the 
polarized triton source, the investi- 
gators profited by polarization 
techniques developed previously 
at LASL. McKibben, Ohlsen, and 
George Lawrence, 1’-11, had de- 
veloped mctliocls of polarizing pro- 
ton and deuteron beams in the 
196O’s, and McKibben’s consulta- 
tion proved invaluable in develop- 
ing the new source. Thus, although 
polarized beams are a relatively 
new technology (the first interna- 
tional polarization symposium was 
held in 1960, the 4th will be held 
this summer, at which time the 
LASL investigators will present 
several papers on their accomplish- 
ment) , the principles for polarizing 
tritons wcre known. 

Applying them was a different 
matter. In the first stage of the de- 
vice that was developed, atoms in 
tritium gas are stripped of their 
electrons to form a plasma. The ions 
are directed into a cesium charge- 
exchange canal where a special type 
of atom-metastable atoms, or those 
in an excited state with a relatively 
long lifetime-are produced. Polar- 
ization of these atoms is accom- 
plished in a radio-frequency cavity 
where magnetic and electric fields 
“filter” out those atoms whose spins 
have not become properly aligned 
but allow the correctly spinning 
atoms to travel down into a tube 

Nelson Jarmie, Hardekopf, and Ray Poore inspect a 
collimator for the scattering chamber in the back- 
ground. Solid-state detectors measure scattering 
effects of polarized tritons. 

where collisions with argon gas 
then transforms them into nega- 
tively charged tritium ions (these 
are tritium atoms with an extra 
electron added to their normal 1- 
electron shell). The  negative charge 
allows the ions to be accelerated by 
the positive potential in the Van de 
Graaff accelerator. The  electrons are 
later stripped from the nuclei in 
the accelerator, leaving just the 
tritons with their positive charge. 

A complicated process, but one 
that produces a beam in which 80 
to 90 per cent of the tritons are 
polarized. A polarized proton source 
using the same principles and much 
of the technology developed for 
this source is under construction 
for LAMPF. 

Because the entire device is in- 
stalled vertically, polarized tritons 
arrive at the horizontal Van de 
Graaff beam with vertical axes. T o  
keep them that way, an electro- 
static mirror was devised that de- 
flects the ions 90” without chang- 
ing the orientation of their axes. 

Among the many applications of 
the polarized triton beam will be 
the study of nuclear forces as they 

p e r t a i n to nuclear structure. 
Another application is the study of 
interactions important in a thermo- 
nuclear reactor to utilize the energy 
produced that may involve the reac- 
tion of a neutron (1 nucleon) with 
an atom of lithium (6 nucleons). 
The reaction of a triton (3 nu- 
cleons) with a helium nucleus (4 
nucleons) gives measurements that 
can be interpreted to apply to the 
former reaction because they both 
involve 7 nucleons. Such experi- 
men ts have already yielded valuable 
data. In  the same way, other few- 
nucleon systems involved in thermo- 
nuclear reactions may be studied. 

But the applications have only 
just begun. Essentially, investiga- 
tors now have a new and versatile 
tool at their disposal for conduct- 
ing basic research, one with su- 
perior analyzing powers that also 
makes possible experiments never 
conducted before. There is no 
doubt that the new beam of tritons, 
whirling in unison, will lead to 
new knowledge. 

And that’s what the party in the 
library at the Tandem Van de 
Graaff on June 2 was all about.@ 
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The tiovol mechaviisnl that captured the missing isotope, fermium-259, is set up by principal 
irive!,figators bcrrlt!atw Hoffman, Jerry Wilhelmy, and Jose{ Weber, all CNC-11. 

I low (lo you discover ari  isotope 
which i 5  bclicv~cl to conic to lile 
in the rLildron 01 a riii(Irai ex- 
plosion, 1)ut lor which 1)rooJ ol it? 
cxistvnc e hat1 iicvcr becn louiid? 

2 lie ariswcr is to crcaic illat iso- 
101)c youiscil iT you m i l  -uxidcr 
solticwhat less cxti cine lahorntory 
totiditions. 111 thr proccss, p e r h a p  
you’ll learn sorilething al~out the 
iuoropr’s rh;ir,ii tcristics, including 
t lucs  21s to why i t  could nevcr be 
ra] )turccl hclorc. 

‘ 1 % ~  inystvl y hcgins a i  the Ne- 
vatla 1 cst Sit(% duiiiig 5pecial wider- 
giourid expcrimcritc, in thc inicl a n d  
late 1960s to ircdtr a id  clciect 

11 ij ns urm i um (licavicr t 11 an ura- 
iiiimi) cLcrrtcwts arid thcii various 
i so to~~cs .  On(- o f  the isotopcs that 
:,cictilists wcrc coniidcnt they would 
find in thc riltcrniafli ol the cx- 
plosions wit5  Icrrniuin-259. lier- 
iiiiuni itscll (in this case the 255 
isoiope will1 a llalf-lifc ol 20 houis) 
h;rd Iiccn disc ovcrcd in dcbris crc- 
a t d  by “Mikc,” the first test of a 
hydrogen clrvice in the Pacific. I t  
was riamcd in Imnor of Fnrito 
1;crrrii. Only (i heavirr clmients are 
kimwn: inimdclrvium, nobelium, 
lawicinc iuin, ancl the as  yet un- 
itamcd clcirirmt~ 104, 105, and 106. 

RIXL tcst rcsult5 in N r v ~ d a  werc 

disappointing insoiai as fermium- 
259 W‘IS Loiiccincd. Othcr isotopes 
of fcrrniiim, and otlicr traiisura- 
niuin clcnicnts, were recovered as 
picdic tcd, b u t  wlicre was tlic mis- 
G rig ler rniuin-259? 

Airlong otlicrs, Darlcane I-Id€- 
inm, Joscf Weber, and Jerry Wil- 
hclniy, all CNC-11, and a group 
of 1 csearclicrs at Lawrence Liver- 
mort T ,abor;im-y, Ken lTulct, Jerry 
I aitlruin, Ron Lougliccd, and 
John Wild, wmtcd t o  know. Arid 
they hyphcsi/cd that the reason 
fcrmium-259 had ncvcr bcen de- 
tected wits that it decayed more 
I apidly than theory prcdicted-so 
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rapidly that it’s half-life might be 
measured in minutes or seconds 
rather than in hours as had been 
previously assumed. I t  would 
simply disappear before post-test 
analyses could be made. The  villain 
in this scientific whodunit just 
might be time. 

Therefore, the investigators rea- 
soned, if fermium-259 were ever 
to be found, it would have to be 
created by laboratory means and 
detected before it had time to 
vanish. 

T o  accomplish this, the nuclear 
chemists, with valuable support 
from Group P-9 and the CNC-11 
Radiochemistry Group Shop, de- 
vised an experiment which held 
promise of doing just that. They 
decided to produce fermium-259- 
if it could be produced-by bom- 
barding fermium 257 with tritons 
at 16 million electron volts (MeV), 
an energy calculated to optimize 
the formation of fermium-259 by 
the addition of 2 neutrons from 
the triton to the fermium-257 nu- 
cleus, The experiment required 
the most intense beam possible, 
and thus the triton source at the 
Tandem Van de Graaff accelerator, 
the only facility known to be cap- 
able of delivering 10 microamps 
or more of 16-MeV tritons, was 
chosen for the experiment. 

The  technique used was to 
mount a sample of fermium-257 
(an incredibly small amount-4/10 

of a picogram, or less than a mil- 
lionth of a billionth of a pound, 
representing the entire world sup- 
ply at the time) on a berylium 
foil and place it in the triton-beam 
target area. Reaction products, 
hopefully containing fermium-259, 
would recoil from the target and 
be captured on thin carbon foils 
mounted on a wheel. 

After a brief exposure, the 
wheel would rotate, in 3/10 of a 
second, to a new angular position 
between stationary c o u n t e r s 
mounted on wheels which do not 
turn. As another carbon foil col- 
lected fission products, counting 
would proceed on the foil just ex- 
posed. During the period of rota- 
tion, the triton beam would be 
deflected to minimize unwanted 

The heart of the mechanism is an 
arrangement of 2 stationary wheels 
and a rotating wheel that moves 
collector foils between the target 
and pairs of counters. 

reactions and damage to the 
mechanism. 

This procedure was repeated 
hour after hour as measurements 
were made, a number of carbon foils 
on the wheel each collecting fission 
products from the target, then 
rotating to have the products 
counted, then back into position to 
collect again. 

If the principle was simple, the 
equipment was not. A special 
motor was obtained, and initial 
engineering and construction was 
accomplished, at Lawrence Liver- 
more Laboratory. The  CNC-I 1 
Radiochemistry Shop, under the 
direction of Claude Edwards, SD-5, 
aligned the gearing and fabricated 
additional parts to complete the 
mechanism that would perform the 
intricate stop-and-go movements. 

The miniscule amount of fer- 
mium-257 used in the experiment 
was obtained from the Oak Ridge 
Laboratory’s transplutonium pro- 
duction facilities where it had been 
built up from plutonium in an 
intricate multiple neutron bom- 
bardment process. Its half-life of 
100 days made shipment and usage 
of the material feasible. 

Adding to the complexity of the 
experiment was the requirement 
that it be conducted in a vacuum. 
This reduced background effects 
and prevented the formation of a 
film on the target which would 
have “smothered” the reactions. 

The  first experiment, which ran 
160 hours, was beset by a number 
of mechanical and electronic prob- 

lems which limited the amount of 
,data obtained,. Corrections were 
made and the second experiment, 
requiring 120 hours, produced 
results with greater clarity. More 
than 500 fission events were re- 
corded by a computer system--a 
small number, but sufficient to 
prove that fermium-259 did in- 
deed exist. 

And fermium-259’s half life, ac- 
cording to preliminary analysis by 
the research team, is only about 
1.5 seconds, accounting for its mys- 
terious absence from products de- 
tected after the special tests a t  the 
Nevada Test Site. 

The  experiment yielded other 
interesting results. For one, it ap- 
pears that fermium-259-which has 
more neutrons than any isotope 
yet produced-may have the most 
symmetrical mass distribution of 
any of the heavy elements, inas- 
much as a very large percentage 
of its nuclei break into 2 equal or 
nearly equal fragments following 
spontaneous fission. And traces of 
another transuranium element, 
einsteinium-256, in a new energy 
state, were found, suggesting 
further investigations to determine 
its properties. 

If the strange and exotic sub- 
nuclear particles associated with 
nuclear forces represent one ex- 
treme on the frontier in atomic 
research, (see page 2 this issue) 
the artificial, short-lived, and super- 
heavy elements and their isotopes 
beyond uranium represent the 
other. Physicists speculate that ele- 
ments beyond the presently known 
106 elements can be created, but, 
being extremely unstable, may 
exist for much briefer intervals 
than fermium-259. However, theory 
suggests that beyond the known 
transuranium elements, an “island 
of stability,” or a sequence of extra- 
ordinarily heavy, but more stable, 
elements may exist, or can be pro- 
duced artificially. The  frontier be- 
yond uranium is one whose shape 
is yet to be fully discerned. 

But by solving the case of the 
missing isotope - fermium-259 - 
LASL and LLL scientists have 
helped make this frontier just a 
little bit clearer. 
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John Winston, E-3, B i l l  Sicin, P.DOR, arid Bob Zickefouse, E-:?, 
make cidiustrnents on thu lincrir eloctron nc.eelerutor. 'The 
kreuin flows from the source in back towards N furget chnmbcx 
at front left. 

'Take ;I beam ok elertrons, col- 
lick them licad on with a beam of 
photons, and what do you get? 

One thing you get, if science 
f,tscinatcs you, is an Einstcinian 
pirlor game. For instance, il an 
o1)servci could 1 idc the elcctron- 
nccelci atccl to rnorc than 99 per 
t c n t  oi the speed 01 liglit-and the 
photon were moving, 01 course, at  
the speed o f  light, ai what speed 
would the a p p  oaching photon ap- 
pear to bc moving on it? collision 
( ourw in rcspcct to tlic elcctron? 

'I'lie answer is iiot allnost twice 
thc spced of lighi its siinplc arith- 
irictic and Newtonian physics would 
indicatc, but that tlic photon would 
appcnr to lie approaching the elec- 
tron ;it cxactly the spcccl of light. 
Iri tlic realni of Iclativity, which br- 
comcs nicmingful in thc reaches of 
space ; i r d  a i  flie vcry high speeds 
ai which accclcratcd particles movc, 
the sperd ol light to an observer 
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“Intriguing as these relativistic conundrums 
may be, colliding electrons and photons will serve a 

special and very useful purpose ut the 
Los Alamos Scientific Laboratory. T h e  collisions 

produce soft x rays which may be fine-tuned 
over a wide range of energies. . . . 9 9  

does not vary regardless of the mo- 
tion of the light source, or of 
the motion of the observer relative 
to it. 

Further, while the observer on 
the electron would be unaware of 
it, a real-life observer in a labora- 
tory would be very much aware- 
in fact, would have to take the 
phenomenon into accuunt in his 
calculations-that the electron at 
such speed would have gained sub- 
stantially in mass. 

Intriguing as these relativistic 
conundrums may be, colliding clec- 
trons and photons will serve a 
special and very useful purpose at 
the Los Alamos Scientific Labora- 
tory. The  collisions produce soft 
x rays which may be fine-tuned 
over a wide range of energies (and 
thus wave lengths) with great pre- 
cision. 

Which is why Rill Stein, P-DOR, 
Bob Zickefoose, E-2, John Winston, 
E-3,, Phil Bendt, P-2, and Mike 
Fazio, summer graduate student, are 
assembling the equipment and test- 
ing it now in a basement laboratory 
in the Physics Building. The linear 
accelerator generating the electron 
beam is installed and in operation. 
Numerous tests have been con- 
ducted on i t .  The neodymium glass 
laser unit, the source for the photon 
beam, is being installed and the 
entire assemblage will go into op- 
eration later this year. 

The linear accelerator for elec- 
trons was designed and built at 
LASL. It incorporates one of the 
most useful design principles de- 

veloped at the Clinton P. Ander- 
son Los Alamos Meson Physics 
Facility, the standing-wave side- 
coupled radio-frequency cavity, and 
NIP-Division lent valuable support 
in personnel and assembly facilities 
to P-Division for this application. 

At present the accelerator’s beam, 
designed to ’ operate at energies 
from 2 to 7 million electron volts 
(MeV), is directed into a lead- 
shielded target area for tests, such 
as with the lucite disks described 
on the inside front cover. Soon this 
target will be moved, to be replaced 
by an interaction chamber where 
the electron and photon beams will 
collide. The  electron beam will be 
modified with bending magnets. 
Among other functions, the magnets 
will “weed out” electrons of 
greater or less energy than desired, 
inasmuch as electrons of different 
energies travel at slightly different 
speeds and their differing momenta 
cause them to deflect at different 
angles within thc field. Stein pre- 
dicts that, with the bending mag- 
nets installed, the energy of the 
electrons can be controlled within 
1 per cent. 

The laser-generated photons will 
enter the reaction chamber via a 
system of mirrors and perhaps 
prisms-it would be a bit rough on 
the laser to be facing directly into 
the electron beam. Interestingly, 
most of the photons will backscat- 
ter within a very narrow angle- 
despite the fact that many will col- 
lide with electrons somewhat off of 
center. According to Euclidian ge- 

ometry, these photons should “rico- 
chet” from the electrons at wide 
angles. But again, this is a rela- 
tivistic realm where different laws 
of geometry prevail, and one half 
of the colliding photons will recoil 
within a narrow conical region of 
less than 6”. 

‘The photons absorb a great deal 
of encrgy in the collision reaction 
-a 400-fold increase when the elec- 
tron beam has an energy of near 5 
MeV, for example. Since energy 
must be conserved, or accounted 
for, and Einstein showed that no 
particle or form of energy can 
exceed the speed of light, what 
happens to this huge input of 
energy, considering that the pho- 
tons are already travelling at the 
speed of light and cannot increase 
their speed? 

The  extra energy imparted to 
the photon manifests itself in a 
radical shift in the photon’s wave- 
length. The photon enters the re- 
action chamber with a wave length 
of 1060 nanometers (billionths of 
a meter), which is in the invisible 
near-infrared region of the electro- 
magnetic spectrum. I t  collides, 
backscatters with no gain in its 
velocity, but its wave length shifts 
across the visible spectrum to the 
soft x-ray region between 10.6 and 
1.2 nanometers. Photons with short 
wave lengths contain much more 
energy than those with long wave 
lengths. 

Visualizing the x-ray photons as 
recoiling back through a narrow 
conical region, the photons travel- 
ling along the central axis uf the 
region have greater energy, the 
photons toward the edges less. The  
investigator can use the entire x-ray 
cone, if uniformity of energy is not 
critical, and obtain a greater quan- 
tity of x rays for his experiment. Or 
he can use a cone of smaller angle 
where the photon energy will be 
more uniform, but the number of 
x-ray photons less. Within such a 
small angular acceptance, the ener- 
gies of the photon will be so nearly 
uniform that, for most practical 
purposes, the x rays may be said 
to be “monoenergetic” or mono- 
chromatic.” And, x-ray energies can 
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PHOTO 

Things you never learn in machinists’ school: take a 
piece here, a piece there, put it all together and you 
can drill a hole where the textbook says it can’t be 
done. Which is what William Heath, WX-3, Ed Sass, 
Richard Schmitt, and Coleson Ruminer, all SD-5, are 
doing here at  S-Site. They mounted a head from a 
Bridgeport mill upside down on a rotary table from 
another machine, which in turn was placed on a riser 
borrowed from yet another machine. Fellow machinists 
laughed at  the Rube Goldberg-like contraption, but it 
worked well enough to counterbore a 17” diameter 
hole in the 4-foot-thick-steel platen of the press so 
that a special die could be mounted in it. 

SHORTS 

Summer must be the silly season a t  LASL as signs of 
humor, intentional or otherwise, broke out last month. 
At left, a storm may be brewing as someone finds her 
pantyhose being used as a windsock at  TA-46. And 
some wag went to a great deal of trouble to neatly 
letter the little ”TA-33-77 Ant Hill” sign for the mound 
below. 



About 50 of: the 200 attendees to thc 
ERDA Saieguards Briefing and Dem- 
onstration held in Los Alatnos on Junc 
I 6  here view displuys in the Nuclear 
Safeguarcls Building at  Ten Site. The 
attenclees, which included Rudolf 
Ronictsch, inspector general of: thc 
International Atomic Energy Agency, 
werc representatives from government 
and private nuclear facilities, unci the 
displays were of equiptmcnt for the 
assuy of fission tnaterials and for 
materials control developed by Groups 
A-I, A-2, and CMB-I. The purticipunts 
visited Scindia laboratories in Albu- 
querque the following day, with many 
continuing on to* New Orleans to at- 
tend an Institute of Nuelear Muterials 
Management conference there. 

During a tvonth-long visii to the 
U.S.S.R., Director Harold Agrtew gave 
a lecture at DUBNA, 0 scientific lab- 
oratory near k ~ s e o w ,  on May 16. 
Hcre Agnew, right, responds i o  a 
question Isy Academician Bruno 
Ponf.ecorvo, left. Standiny with his 
back to the camera is V.P. Drhelcpov 
who, a short tirne later, hetrded the 
U.S.S.R. delegation to the Intcrnation- 
BI Conference (in l i igh Energy Phy!;ics 
and Nuclear :tructurc in Santcv FR and 
LOS Alarnos (see page 2). Agrrew and 
his  wife, Beverly, luter took the Trans- 
Siberian Railroad cicross the: Soviet 
Union for the- return portion of their 
iiril t. 
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short subjects 

Honors: William Stratton, A-5, has been elected 
to the Board of Directors of the American Nuclear 
Society. Stratton is also a member of the U.S. 
Nuclear Kegulatory Commission’s Advisory Com- 
mittee on  Reactor Safeguards. 

Donald Kerr, alternate Q-Division leader, has 
been named a consultant on  the U.S. Army’s 
Scientific Advisory Panel. 

Keith Zeigler, C-5 alternate group leader, has 
been elected a Fellow of the American Statistical 
Association. 

Robert Van Gemert, SP Department head, has 
been elected president of the Albuquerque 
Chapter of the National Contract Management 
Association. 

Valgene Hart ,  MP-8, received an Entry of 
Merit honorarium and lapel medallion from the 
James F. Lincoln Arc Welding Foundation for his 
paper describing a quadrupole magnet support 
at LAMPF. 

@ 
A flurry of recent volcanic activity in Hawaii 

and  the Pacific Northwest has resulted in LASL 
teams making field trips to conduct investigations 
in the affected areas. I n  Hawaii recently to ob- 
serve activity in Mauna Loa Volcano were Grant 
Heiken, R o n  Gooley, and Thomas McGetchin, 
Q-21, and Sidney Stone, J-10. Studying volcano 
activity in the Cascade Mountains, which stretch 
from Northern California to the Canadian Bor- 
der, are Heiken, McGetchin, John Eichelberger, 
4-21, Eiichi Fukushima, CNC-4, and  Len Mar- 
golin, T-3. Eichelberger, and Bernard Chouet of 
M I T  were trapped near the summit of Mount 
Baker in Northern Washington in early May by 
a 36-hour snowstorm that forced them to dig their 
way out  of a collapsed tent before rescuers could 
reach them. A remote camera mounted near the 
summit of the active crater at Baker is delivering 
excellent black and white real time pictures of the 
summit on  a 15-minute schedule. 

@ 
Deaths: Charles D. Brown, MP-7, mechanical 

technician; Hunter  Hill,  CMB-5, staff member; 
Jimmie H. Smith, Q25, mechanical engineer. 

From ERDA: Herman 
Roser has been named 
manager of the Albuquer- 
que  Operations Office 
(ALO), succeeding H. C. 
Donnelly who retired 
May 23. Roser had been 
serving as acting man- 
ager since Donnelly’s re- 
tirement and, before that, 
had served as deputy man- 
ager since September 1, 
1972. 

A native New Mexican, 
Roser was with the Zia Company at  Los Alamos 
from 1948 until 1961 when he joined the AEC in 
Los Alamos as assistant area manager for com- 
munity affairs. H e  subsequently became deputy 
area manager in 1964 and area manager in 1967, 
a position he held until  he was named assistant 
director of the Division of Military Application 
for the AEC in Washington, D.C. 

Roser, who has received numerous awards, 
recently received the AEC’s Distinguished Service 
Award for his outstanding service in  managing a 
variety of national security programs. 

Richard Malone has been appointed area man- 
ager of the Sandia Area Office, succeeding Robert 
Scott, who was appointed assistant manager for  
administration. Richard Torres, formerly pro- 
gram analyst in the ALO Weapons Development 
Division, has been named director of the ALO 
Administrative Budget Division. Zane Hopper, 
formerly director of the Organization and Per- 
sonnel Division at  the Idaho Operations Office, 
has been named to the same post a t  ALO. Charles 
Romero has been appointed deputy director of 
the ALO Organization and Personnel Division. 

+?& 
Retirements: Homer 0. Blackledge, SD-5, lab- 

oratory machinist; Virginia W. Blackledge, AO-1, 
records supervisor; Donald E. Chamberlin, SD- 1, 
laboratory instrument maker; Irving Goldfarb, 
SD-5, laboratory machinist; Daniel J. Kelly, 
CMB-1, chemical technician; Victoria E. Mitchell, 
€3-9, chemical technician; Evelyn M. Newell, 
ISD-3, illustrator’s assistant; Jane Robyn, 5-12, 
secretary; Beatrice L. Smith, AO-1, junior ac- 
countant; Eva E. Ward, WX-3, clerk; Donald L. 
Winchell, WX-3, staff member; Francis N. Hayes, 
H-9, staff member: George E. Jaynes, CMB-6, staff 
member; Philip W. Kazmier, SP-11, buyer; Paul 
E. Miller, WX-3, machinist lead operator. 
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Above the clouds on Mt. tialeukala, Maui, the loxia observing team, with their optical equipment, 
watched for a break in the weather night after night. On the seventh night, the break came and 
loxiti produced the fireworks shcswri an pagc 20. 

a 
Story and pCiotos by Bill Rogan 

lricrgetic :;pace physicists froni 
tlic I A>S Alanios Scicn tilic I abora- 
tory’s J-Uivision logged 2 inorc SIIC- 
cc:sslul invest igatioric; ol ihc earth’s 
ionosplrcrc wing  sniall sounding 
roclrct i)ayloatl!; iircd from tlie I la- 
waiian Islands in May. ‘ 1 ’ 1 1 ~  long- 
term s~.ndy will continue with a 
IiiIi? fall ex]-~i:i-iinental prograni i r i  
i h c  Arctic. 

Groups J - I  0 :ind J-I  6 cmployctl 
2 difkrcnt, 1 cc:l\niq ucs to adtl to 
man’s knowlctlgc of i he protcctivc 
cnvironinent: of magnctic a i d  elcc- 
i r k  iiclds .cvhicli siirrountl ihc cartltl 
and sliieltl the lowcr ;rtrriosphcrct 
from the coristarit st rcain or r:hilrgd 
pal~ir:les pouring iii fron-i outer 
spacc. Witso, a11 cxpcrimcnt i o  mea- 
sure clcctrorlici1lly tlic t,ransiniasion 
ol ;in elcctroiri;ignci ic pulsc (EMI’) 

vclopmcnt Administration’s Kauai 
‘I’cst Facility at Barking Sands, dis- 
charged to emit a signal every 16 
sccond5. 

A t  4 a.m., May 9, Tcst Uirector 
A1 lIutcrs ol‘ thc Albuquerquc 
Santiia I ,aboratorics rocket cngi- 
riccring t cam gavc tlic firing signal 
which blastcd the ‘l’crrirr Sandhawk 
roclwt on i ~ s  way. Ross nuclianan 
iiiid Owcii lhrnes of thc Dcnvcr 
Kcscarch Lnstitute opcratcd the 
piilscr starting at  58 seconds after 
launrh to  gencratc 35 signals dur- 
ing the 10y2 minute rocket [light. 
I n  a tclmictry trailcr nearby, a 
h i l p ] > y  (Xircric e lknton, Waso pro- 
ject director, and 1-16 Group 
I m d e r  Bob I’ctcrson listencd to the 
incoming data signals for 349 
scconds oC the rocket’s flight to an 
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Above, the Terrier Tomahawk rocket which carried the 
Loxia barium payload to an altitude of 360 k m  was poised 
and ready for  the seventh and last countdown. A t  left, 
Clarence Benton and Bob Peterson, at left foreground, both 
5-16, watch anxiously as their Sandia colleagues trouble- 
shoot a problem in the Was0 rocket payload. Below, ballet- 
like scenes like this were enacted every night at the Barn- 
yard optical station on Kauai as observers adjusted e q u i p  
ment and watched for clouds. ON THE OPPOSITE PAGE: Top ,  
Eightning-like flashes crackle around a 2-million-volt EMP 
simulator as it discharges to send a signal through the iono- 
sphere for the Waso experiment. Second from top, Doug 
Dunbar, EGdrG, watches video monitor. T h e  disk on the 
screen shows not the ejection, but an electronic eflect. Third 
from top, Morris Pongratz, left, J-IO, Loxia project director, 
and Bob Jeflries, right, J - IO  alternate group leader and 
scientific advisor for  Loxia, receive weather reports. Below, 
Gordon Smith, foreground, and Casey Stevens, standing, 
both J-10, scan weather over the Barnyard optical station- 
a type of scene that became all too familiar. 



ilpogce 01 405 Lilonietcr~. ‘I’he telr- 
mrt ry systciri opcratcd for 28 1 inore 
second? as the payload rlcsccnded. 
’ I’licri a clroguc parachute opcned 
to slow the payload‘s desccnt into 
thc o( eiin whcrv ii Imlloon Rotation 
clevic c and Iiorning beacon marker 
1x1 rri itt ctl recovery 01 the package, 
tlxc most winplic;ticd itr id  expcn- 
sivc of tlic !I ycar program. 

f- lh  has I-iccw involvcd in a con- 
tinuing invc.slig,ttion of  what hap- 
IIciis LO K M I P  signals a!i tlicy pass 
thi ough rltc ionosplicrc. Working 
tlowly with ro( kct mginecring col- 
Icagucs from Saiidia lor morc than 
LO ye;trs, 13enton and liis J-I6 tcam 
Iiavr rlevclopcd ;ind rcfincd suitablc 
ir1stiumcnt:t liion to carry out their 
I C S ~ ~ L I  ch mission since the first such 

flight in March 1966. 
h W;IW out 01 the way, 1-10’s 
physic 4 team brcamc morc 

‘iiitl niore j rii:,~r;itctl by tiniavorable 
weill her illltl ro( kct pro blcms. 
I,oxia, first sclicdulcd for Mity ’7 by 
h40rris Ponj;rat/, J-10 proic’ct cli- 
rccioi, was v rubbcd lor G successive 
cvcniiigs. On 2 occasions the 
wc,itlicr wa‘; pcrCcct for tlte launch 
ant1 tlic co~t~itdown wcnL all the 
way to x ro ,  l m t  when the firing 
sigiml was givrn the rocltrt motor 
fnilccl to ignite.. C:hrckoLit 01 thc 
us1ia1Xy rcxli;iblc and well tested 
sysrcrrr irncovcrtd an entire lot of: 
tlelcctivr iiiitiaLors. 

A<; the hWJ scicntists’ irust ra- 
I ion incrraud so did tlic intcresi 
01 people dl ovcr the isl;tnds. 1Ia- 
wilii icsidcrits a x i d  tourists alike be- 
( a i w  cagcr sky watcher:, for the 
bill ium-rockvt display as thc ncws 
m e r h  callcd thily attcntion to the 
night by night reschedulirtg of the 
c*xl)c.rimcni. 

On May 1 %  the rvcning window 
entlecl atid it was nwcssary to 
:;cherlrrIc t lie la unch lor a prc-dawn 
evcnt tiinc 01 4:40 a m .  M a y  14. On 
this srvcnrli try, rlic ‘I’cxrricr Toma- 
hawk Loxia rodrct roared of1 tlic 
larrrrclrcr riglit on sclicdule. The  
1 lorxolulu Star Bulkt in srimniccl it 
ill1 up with ; I  hcadlinc reading 
“ B A R  IIJM UU)CKII:T F’INALLY 
DOIIS 1’1 s (:AUI)Y ‘mmc;.” 

Anrl Ciirl [,yon, J-1 operations 
oihccr, suilcring from a good case 
nt tclephonv iatigue from answer- 

ing radio news incdia calls said, 
“At last. l wondcr if i t  looked like 
I said it would?“ 

Gaudy it  was, too, as the barium 
plmna icflccted tlic sun’s rays in 
strcdrns of blue, gieen, arid magenta 
at  an altitude ol 360 km. Although 
thc bariuui stream was directed at 
a largc anglc to thc magnetic field 
by tlic h igh-cxplos ivc  shapcd 
diargc, it promptly bent ovcr as it 
bccaine ioniied and rollowcd mag- 
nctic field lines. In a matter of a 
ininutc it streaniccl .I50 kni to the 
south. Somc minutes latcr the 
visible Icrigth of tlic arc was about 
3500 kin. 

Obscrvttrs a t  scientific optical 
stations on 2 islands reported a11 
insii iiixicnt\ running iInd exclaimed 
ovcr the bcanty ol the display. On 
Mt. Jlale~kala,  Maui, Me1 lh ran ,  
j-10, said that data was recorded lor 
35 rninutcs by his team o f  AI Ueld- 
ring and Bobby Ihrrcgo, both J-lo, 
and I h u g  Ihnbar ,  Charles Lewis, 
Don Wright, and Bob Salas, all of: 
K G W .  At the Barnyard optical 
stiltion ncilr the Kauai launch sitc, 
Gortllon Smith, J-10, and his groUrJ 
or  Chscy Stcvens, J-IO, and Stan 
Garnsby, 3 ack jekowslri, Pctc 
Olivas, Pctc Zavattaro, George 
llrrghcs, and Hcrb Ilolmcs, all 
IIG&G, wcrc ablc to acquire 50 
minutes oi valuable optical records 
until the brightening sky of sunrise 
cndcd the display. 

Otlicrs wlio participated in the 
May experiment4 in Ilawaii werc: 
l h n c  l’lii11ip~, J - I G ,  who designed 
tornputcr programs lor the Waso 
expcrinicnt; John F. I’aclieco, SP-2, 
Iwopcrty inanagcmcnt and logistics; 
Allan ‘Theobald, University ol 
Sontlianipton, VLF mcasuremcnts; 
Bob Dingcr, Naval Rescarch Labo- 
iatory, gcomagne tic micropulsation 
measuremcnts; and Walter Chesnut, 
Stanford Kescarch Institute, stria- 
lion lormation phenoincna. 

Prelirnitiary &it  a malysis showed 
the ions t o  be moving about 50 per 
cent iastcr along the field lines tlian 
clauiral physic$ calculations pre- 
dicicd. A( cording to Pongratz, the 
Loxia expel iment allowed scientists 
to use tlic earth’s magnetic field as 
a magnetic bottlc to study somc ol 
the plasma-physics problems en- 
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At last-”loxia does her gaudy thing!” Ionized barium 
particles follow a geomagnetic field line and stream to 
the south just a few seconds after a shaped charge was 
detonated around a cone of barium metal. The explosion 
vaporized the barium and directed the vapor stream at a 
large angle away from the earth’s magnetic lines. When 

the barium particles became ionized from the ultraviolet 
radiation of the sun they were turned from their original 
direction by magnetic attraction of the field. The round 
glob of material around the detonation point is com- 
posed of neutral barium and explosion debris. loxia 
yielded data that will keep researchers busy for years. 

countered on a much smaller scale 
in controlled thermonuclear re- 
search (CTR). The  experiment was 
designed to produce an unstable 
condition of the barium plasma in 
terms of direction of motion of the 
charged particles relative to a mag- 
netic field. This condition would 
resemble that of the deuterium 
plasmas in some C T R  fusion ma- 
chines. Unstable plasmas with ions 
moving nearly perpendicular to the 
field and faster than those moving 
parallel to it may lead to the growth 
of electromagnetic waves to the 
point where they modify the ion 
trajectories. This may result in 
“pitch angle scattering,” or leakage 
from the magnetic bottle. In  the 
Loxia experiment, the bottle was 
the earth’s surrounding blanket of 
magnetic field lines. 

J-lo’s scientific advisors for the 

Loxia experiment, Group Leader 
Milt Peek and his alternate, Bob 
Jeffries, both veterans of pioneering 
barium injection experiments dat- 
ing back to  1970, said that the 
wealth of data will keep analysts 
busy for years. This year promises 
to be one of the most fruitful in 
the LASL ionospheric study pro- 
gram. 

The researchers hope that the 
successful injections of barium 
plasma into the magnetospheric 
polar cleft region in January (see 
Tordo Chronicles, Jan.-Feb. Atom) 
and the most recent success in Ha- 
waii will be followed by another 
Arctic success similar to Tordo. 

Plans are now being firmed up  
to carry out a probe of the polar 
cleft region with 2 rocket payloads 
launched from Cape Parry in 
Canada’s Northwest Territories. As 

is frequently the case in research, 
the extremely successful Tordo ex- 
periment last January raised more 
questions than it answered about 
the polar cleft region. A new ex- 
periment called Project Periquito 
will be carried out in late Novem- 
ber and early December by LASL 
and the Canadian National Re- 
search Council. A full array of ob- 
servation stations, both ground and 
airborne, will be manned. Unlike 
the Loxia experiment which de- 
pended only on ground observa- 
tions, Periquito will be observed 
from ERDA/Air Force NC-135 fly- 
ing laboratories. The  airborne op- 
tical stations will allow the experi- 
ment to be carried on even though 
the bad weather conditions typical 
of the Arctic winter prevent some 
of the ground stations from observ- 
ing the event. @ 
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conduct animal experiments. The 
animals chosen arc calves of about 
200 pounds weight to approximate 
the body mass 01 man. The  first 
completely internal anirnal im- 
plantation is schcdulcd for this 
summer, altliougli implants using 
early “bench moclcls” o l  the mech- 
anism, with portions ol the ap- 
paratus mounted externally, have 
already I-)ecn inadc in animals. 

‘l’lie toial system for ail aitificial 
heait consists ol Y parts: the 
heart-pump itself, the cnginc which 
converts heat to mechanical cncrgy 
to drive the pump, arid the heat 
source. 

‘J’hc heart-pump is about the 
s i x  of a sniall grapefruit and is 
shaped like a stubby capsule with 
rounded ends. ‘l’hcsc rounded cnds 
house diaphragms which are ac- 
tuated b y  v,trious gcars and levers 
in the ccntcr of the pump and 
which simulate tlic contraction- 
expimsion pumping action of a 
natural heart. Intcrcstingly, thc 
design shows hut 2 chambers 
wheicar therc are 4 in a natural 
hcat 1. J Iowever, each chamber per- 
lorins the luiiction of 2 of the na- 
tiiral hc,trt’s chambers, and the 
circulation of blood in the body’s 
2 systems-one lor the lungs, the 
other for the rcst of the body- 
will he ncirmal. 

The  heart-pump receives its 
power from a flexible cablc, like a 
specdometer cablc, which is ron- 
netted to  a Stcrling-cycle engine. 
’ l h e  cnginc, along with thc heat 
source, i s  contained in a case about 
tlie 5i7e and shapc 01 a small hair 
drycr. It is essentially il reciprocat- 
ing cnginc driven by the expansion 
of krypton or argon gas, and was 
chosrn lor its reliability and ex- 
cellent cficicncy in converting heat 
to 111cchi~1icA energy. About 20 
per cent o l  the 25 watts ol power 
produccd by the fuel cell will be 
used to drivc tlie heart-pump. 

The  firel capsulc, about the size 
ol  il “C” flaslilight battery, is in 
closc proximity to the cylinder 
head of ihc cnginc so as to pro- 
vide heat for thc expansion ol gas. 
A nuclcar fuel was specified to 
meet tlie device’s requirement for 
a compat 1, vciy lorig-lasting energy 

Art Beaumonf, CMR-1 1, exantinas a replica of the heaf source, held in 
his right hand, arid a metal outer tube i r t  which r e d  fuel will be piaced, 
held in his It4t hand. The fuel will provide power for IO years. 

Soincday, pcrhitps <is so011 :IS in 
the mid- 1980’s, surgeons may be 
able to rcplacc liopclessly d,imagctl 
hearts in lair ly simple and routine 
opcra tions. Unlike the heavily pub- 
lici/cd licart trmsplnnts oi rccent 
years, the new he,ii t5 shorrlcl riot 
I E  subjctt LO rcjrction 1)y anti- 
boclics grncratcd in thr Iztiicnt’s 
l d i c s .  Instcil(1, t hcy’ll be nicth- 
anisms as Irrarvcloirs as any por- 
traycrl in a scivncc-liciion way 011  
thc “Six Million Dollar M,m” T V  
show. ‘L‘hcy won’t be rcjcctccl br- 
c arise iiisteiid ol consisting 0 1  living, 
“alien” tissuc, the ;irtifit ia l  hcarts 
will be cncnscd in inert plastics ;tiid 
metds that a rc  actcptabIc in&- 
iiuitcly to himian i issue. ‘They’ll br 
tlcsigncd to iunctioti with icliabil- 
i ty  and vi1 trially no at tcritioii by 
thr patirnt for at lmst 1 0  ywrs. At 
that time, tlic mccliariistn could be 
replacecl in atioilhcr opcration. 

L1‘ this vision bccomes reality, the 
1,os Rlamo!; Scientific hboratory 
will have in;& an irnportaiit 
tontribution. In  1967 I A S L  was 
tianictl to  clevclop thc powcr sup-  
ply for tlic a r  tilitial heart. l ’ h c  pro- 

ignctl io  Group CMIZ- 
I1 with I a r y  Mullins, CMB-11, 
; i d  Glen Waterbury, <:Mlt-l, i t s  
1 h r .  priric ipal invcstigators. 

’J‘lic cntirc program is supported 
by [lie U.!L Energy Rcsritrch and 
G)cwlopnic~ni Administration (it 
originilictl rxnder FADA‘r prederes- 
soy, ilic Atomic I’nergy Commis- 
:,ion), and is coordinated with the 
1Vational t [cart and Lung histi- 
(utc.. ‘The design and manufacture 
01 tltc h c ~ ~ r t  mcchanisrn arc by 

tinghorrsc Corporation. The  
ersity of Utah,  with its unique 

Division of Artificial Organs at its 
mcvlical srliool, i q  responqi ble for 
bioeirgincrring stutlics and will also 
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Above, Robert Dye, CMB-11, removes a fuel source from a press which 
has applied 20 tons per square inch of pressure to a mix of plutonium 
dioxide fuel and a binder. The fuel source is then fired in a 
furnace to form a tough ceramic solid. After firing, below, the fuel 
source is placed in a container; this one will be sent to Battelle Pacific 
Northwest Laboratory for radiation measurements. 

source with minimal decline in 
power production and 100 per cent 
reliability. No nonnuclear source 
offered these advantages. 

When implanted in a patient, 
the artificial heart-pump would 
replace the damaged heart, but the 
f u e 1 container-engine package, 
linked to the heart-pump by a flex- 
ible cable, would be placed in the 
more-than-adequate “surplus” space 
available in the lower abdomen. 

One of the more startling pro- 
cesses involved, at first glance, is 
the dissipation of excess heat into 

the patient’s body without damage 
to tissue. The temperature of the 
nuclear fuel is over 800° C in the 
center of the fuel-more than 
enough to melt lead and obviously 
far higher than living tissue could 
tolerate. Ingenious thermodynamic 
engineering makes the apparently 
formidable problem no problem 
at  all. A liner containing vacuum 
cups surrounds the fuel, insulat- 
ing it and resulting in a tempera- 
ture very close to that of the body 
from the little heat that reaches 
the outer surface of the container. 

Some of the heat is converted to 
usable mechanical energy. But a 
great deal of it is removed in a 
cooling system like that of an auto- 
mobile engine. 

Coolant surrounds the cylinder 
head of the Sterling-cycle engine 
and is pumped through lines en- 
closed in the insulated casing for 
the flexible shaft leading to the 
heart pump. There it is circulated 
through passages in the pumping 
chambers where the flow of blood 
through the heart-pump cools it. 
At no point will the coolant exceed 
stringent standards of temperature 
and heat flow established to pre- 
vent damage to tissue or blood. 

Startling, too, at least to the 
layman, was the nuclear fuel se- 
lected €rom among several likely 
candidates: plutonium-238. With 
its half-life of 87 years, it can easily 
provide energy for 10 years or more. 
For better or worse, plutonium con- 
jures up  images of deadly radio- 
activity, and it  may take the public 
some getting used to to accept the 
fact that plutonium in the proper 
form is, in fact, the safest material 
for this type of application. 

There is no denying that as small 
particles, which could be ingested, 
plutonium is a hazardous material 
to be handled with every safeguard. 
But plutonium of very high purity, 
in appropriate ceramic form, is not 
only relatively safe and easy to han- 
dle, but in the artificial-heart fuel 
cell, entails radiation exposure so 
minimal, even for periods of 10, 20, 
or more years, that it constitutes ac- 
ceptable body doses. 

The  compound used in the fuel 
cell is plutanium-238 dioxide, and 
the radiations of greatest interest 
are alpha particles, neutrons, and 
gamma rays. Alpha particles are 
readily stopped and form harmless 
helium. Neutrons are less readily 
stopped, but neutron production 
is minimized by the exceptional 
purity of the fuel. The  gamma rays 
are of such low energy that most 
of them are stopped by metallic 
shielding 15/1000 of an inch thick. 

Although the amounts of helium 
produced are minute, they must, 
nevertheless, be vented from the 
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iucl cell, A trap and a veni, with 
am irisitlc diariietcr no larger than 
a 11 uiriaii hair, m v ( ’  this p i r p s c .  
‘l’lie very sni;ilK amount of helium 
rclcascd can 1)c absorbed msily and 
dispowl ol by  the body. 

I’hc ti ap wrvcs another purlmse“. 
Lri addif ion to helium, ext rcincly 
small quantities 01 radon, a radio 
active gas, arc. also produced. For 
tunately, iatlori dctays to leatl 111 
a rnatter oj seronrlr. Any r;ndctn 
generated is kept iii tlir t rill, mote 
than long cnough lor it to change 
to 1c;id. The lead remains in thc. 
trap rather tl i iri i  bring cI isr haigcd 
into the bocly. 

Y’he area o1 grcatcst concern in 
safety i 4  not :,o much tlie iuel 
substaricc or tlir niechanisrrr itself, 
but in what could happen in thr 
evcnt ol an acritlrnt to a person 
in wlioni n rile1 rontdiner ha? been 
irnplantcd. Mullins cxpliliils that 
lucl container- tlesign, at the prescnt 
s ta ly ,  takes various accideiits anti 
mihaps in to arc-ourit. For iwrst L i ~ i (  e, 
thc cont ainci lias been cont true ted 
tri Iiigh-~trcnl;tti alloys o€ rchc tory  
rnctals to rcsic,t impact, ant1 01 
prc*cious metals, such as platinum, 

to icsist  oxidation. Sonic incincra- 
tioil test5 linvc bccn ma&. “At this 
strq;c>,” Mrillins adcls, “we’rc more 
roiiterncd wit11 tlcsigns lor s a k  
1at)orittory ~ C S ~ G ,  iintl aniinal irn- 
plantations. As wc niovc closer to 
rnodcls Cor human implants, we’ll 
shilt our einpliasis io making prov- 
cn nitrdcls indcstructi1)le in tlic face 
ol a n y  crc~tlil)lc accidcrit we can 
Iinq;inc, inclirtling rifle bidlcts and 
( i1sl;lsirophic fires.” 

A latct 01 rlir program prcscntly 
receiving cniphasiis is the develop- 
i nen t  01 EuvL pi occssiiig procedures 
wliic 11 aic h t l i  rnorc c( onomic,ll 
a n d  safer tl i , in those in prcscrit use, 
wliiXc siill ~)io(lucing luel ol very 
Iiigli chemic a1 purity. On ii Libora- 
tory !;cLtk (orily 3 implantablr fucl 
cells have brrrr built to date, with 
0 inore ~chivh~lcd lor the prcscnt 

1 year), cconomical proccshg 
i\ not of m,ijor (omcrn. I3111 with an 
cstiiniited production riitc oC sonic 
!d),OOO fuel rells prr year projcctcd 
once ;t total artificial hcai t system 
is irit i o d r r c  cd, production cconomy 
I,ccomcs a !ria jor lactor. “For this 
rc;tsoii, we will probably not use 
iridium in thc (wing, although 

Charles Fomr and Larry Mullins, both CMEl-1 1, inspect an experimental 
cohtainer with 01 trap and vent systtmi lor controlling helium and radon 
yeneraieiji by the fucl. Tliis system has been tested for 6,000 hours in 
the sealed ”lalsoraiory“ behind Foxx and Mullins. 

its corrosion resistance is superb. It 
i s  exticniely expensive, and there 
just wouldn’t be enough oi it avail- 
able kor volumc production,” Mul- 
liiis says. 

lIow will the artificial hcart 
nclually work in humans? Judging 
by ieport*, lroin othcr participating 
in~titutions, thc outlook is encour- 
aging. Lhosc involved in bioen- 
gineering arc coiifident that within 
icason and  h r i i n g  cxtrcme exer- 
tions, the paticrit will live a normal 
lire. ‘1hc rate of How of the blood 
sticain will be rcgulatcd b y  the 
l)otly’c nicclianisin lor dilating 01- 
constricting blood vessels to ac- 
commodate t o  pc1ioc1s of rest or 
iriild cxci tion. The  artificial heart, 
urilikc a human licart, will pump 
; i f  a (onG,tant late. On thc other 
hand, a inoie sophisticated system 
ol the lufure iniglit iriclntle a tiny 
cornputcr with sensors coniiectcd to 
~ippiopi iatc body systems to change 
p inping  spccd. 

‘I’he dcvclopmcnt of thr heat 
so~ircc lot the artificial hcart is a 
superb cxample 01 thc value of 
spinoff a t  LRSL, as ;I wcitlth of 
technical knowhow in plutonium 
pio(cssing is applicd to the project. 
Provision is bciiig m;ide in tlic new 
plutonium Iacility uiider construc- 
ton a t  I’A-55 for processing medi- 
cal-grade plutonium. Thc teclinol- 
ogy now hcing developed lor this 
will surely find application in other 
plutonimri processes. 

Arid the project is an excellent 
example of 1ASL intertliscipliiiary 
rcsc;trch illid development, drawing 
on sprcii1li7cd skills in rtictalluigy, 
nuclcar chemistry, and cciamics, to 
name a icw. 

liven a s  paccmakcrs, which pro- 
vide mild clec tric stiniuli to natur- 
al hearts, have become common- 
place totlay, so complctc artificial- 
hear t system5 may become common- 
plarc Lotnorrow-utterly reliable 
nicchanisins pumping without falter 
day m d  night for 10 years or more, 
inoving niorc than 5 million gallon? 
o i  blootl in the proccs, with power 
supplied by a smi\ll amount of nu- 
clear fucl that will have generated 
over 2,000 1riIowat.t-hours oT enerby. 

And 1,ASL’s contribution would 
be there--at tlie very hcart ol things. 
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30 
years ago in 10s alamos 

Culled from the July and August, 1965, files 
of The Atom and the Los Alamos Monitor by Robert Y. Porton 

Open to Public: 
T h e  LASL Main Library, one of the largest and most complete 

technical reference centers in the nation, will become a “public” 
library on  July 6. T h e  action is one of the Laboratory’s moves to 
extend use of its facilities to other qualified researchers. 

Appoint men t : 
W-Division leader Harold Agnew is the new chairman of the U.S. 

Army Combat Development Command (CDC) Scientific Advisory 
Group. H e  was appointed by Lieut. General Dwight E. Beach, com- 
manding officer of the CDC. 

No Sale: 
T h e  AEC reaffirmed its previously stated position that it does not 

intend to offer the 249 remaining Denver Steel houses for sale under 
the community transfer program. T h e  announcement said these 
units could not be brought up to acceptable FHA standards without 
an  exhorbitant amount of remodeling and  they are long past their 
life span. It is now planned to  keep them as governmental rental 
units unti l  they can be replaced by private housing construction, and 
then to tear them down. T h e  Laboratory allocation includes 85 of 
the units, and there are rarely any vacancies. 

Family Days: 
A resounding success! That’s the official verdict on  Los Alamos 

Family Days 1965. T h e  two-day event left denizens of the Hill with 
aching feet and somewhat taxed composures-but with increased 
understanding of what makes the Atomic City tick. An estimated 
20,000 persons took advantage of lowered security barriers to flock 
to the Laboratory. 

Pu Patent: 
Two former LASL staff members, one of them now dead, are 

among three scientists who have been awarded a patent for the 
process that yields the man-made element, plutonium. T h e  patent was 
granted to  Arthur C. Wahl of Washington University, St. Louis, 
Mo., and  the late Joseph W. Kennedy. Kennedy was head of the old 
C M  Division from 1943 to 1945. H e  died in 1957. Wahl was at  Los 
Alamos from 1943 to 1946, and was a group leader in CM Division. 

Double Header 

REUNION AND 
BICENTENNIAL 
CELEBRA TlON 

The 30-year anniversary reunion 
of Los Alarnos veterans and pio- 
neers had an extra meaning for 
some 800 attendees when it was held 
June 20-22. With Los Alamos being 
a historic as well as scientific com- 
munity, the weekend was high- 
lighted by the official designation of 
Los Alamos as a Bicentennial Com- 
muni t y . 

Participants poured into Los 
Alamos all day Friday, June 20, 
registered at  Fuller Lodge, and 
mingled in an informal party by 
Ashley Pond during the evening 
hours. During daylight hours on 
Saturday, attendees watched vin- 
tage World War I1 movies and 
slides, took bus tours, and visited 
the Bradbury Hall of Science. 

Saturday night’s barbecue and 
program featured presentations to 
the Los Alamos Bicentennial Com- 
mission of a Bicentennial flag by 
Willard Lewis, special assistant to 
the Secretary for the Southwest Re- 
gion, U. s. Department of the In- 
terior, and of a Bicentennial certif- 
icate by Shirley Abbott, regional 
director of the American Revolu- 
tion Bicentennial Administration. 
A U.S. flag was presented by U.S. 
Representative Manuel Lujan, and 
New Mexico Lieutenant Governor 
Robert Ferguson, Director Harcld 
Agnew, and Raemer Schreiber, de- 
puty director retired, were speakers. 
Later entertainment included music 
by a reunited World War I1 “com- 
bo,” Ed Macmann and the Key- 
notes. 

Before departing Sunday, many 
of the attendees took time to thank 
reunion cochairmen Jacob Wechs- 
ler, WX-DO, and Alvin Van Ves- 
sem, WX-7, for a job well done. 

24 


